Previous studies of vetch species belonging to sections Hypechusa, Narbonensis and Peregrinae have revealed controversies and open questions that deserve revisiting with the use of contemporary approaches. The paper extends the previous work of Leht and Jaaska (2002) by describing variation of 16 isozymes and 86 morphological characters among 17 Vicia species belonging to sections Hypechusa, Narbonensis and Peregrinae of the type subgenus in comparison with V. bithynica of section Pseudolathyrus. Three more isozymes and 12 new morphological characters are included to improve the resolution of phylogenetic relationships. The maximum parsimony trees based on isozymes and morphology revealed essentially the same four clusters of species that correspond to series Hypechusa and Hyrcanicae of section Hypechusa, to sections Narbonensis and Peregrinae of current taxonomy, except that the isozyme tree placed V. lutea of series Hypechusa into a separate clade. Isozyme variation in V. mollis, V. noeana, V. sericocarpa and V. ciliatula of section Hypechusa is described for the first time. Twenty-three species-specific isozymes that may be used for species identification by analysis of seeds are described. Two new isozymes that distinguish V. serratifolia from V. narbonensis are described that further support their specific status. Series Hypechusa and Hyrcanicae of section Hypechusa, sections Narbonensis and Peregrinae of traditional taxonomy are monophyletic groups that deserve sectional status within the genus Vicia. The phylogenetic position and sectional placement of V. lutea warrants further study with independent sets of DNA characters.
Introduction
on the isozyme cladogram, indicating that more synapomorphic isozyme characters are needed to refine relationships more accurately.
In view of these taxonomic and phylogenetic disagreements, we decided to revisit the problems concerning the phylogenetic relationships within section Hypechusa and its affinities with sections Peregrinae and Narbonensis based on additional evidence. The present study extends our previous work [16] with an emphasis on the following two issues: (i) the phylogenetic position of section Narbonensis relative to sections Hypechusa and Peregrinae that remained uncertain in our previous work [16] ; (ii) phylogenetic relationships and distinctness of two series accepted within section Hypechusa by including data about four additional species, V. mollis, V. noeana, V. sericocarpa and V. ciliatula, not studied previously. Three more isozymes and twelve new morphological characters were included to improve the resolution of phylogenetic relationships.
Experimental procedures

Plant material
The list of species and accessions analysed is given in Table 1 . Taxonomic nomenclature is combined from Kupicha [5] , Tzvelev [7] and Maxted [1] . Taxonomic identifications of accessions received from botanical gardens were verified by the morphology of plants grown from seeds according to species descriptions in Fedtschenko [11] , Ball [10] , Davis and Plitmann [17] and Tzvelev [8] . The seed characters described by Gunn [18] , Voronchikin [19] and Perrino et al. [20] were also used to verify the botanical identification of seed accessions when possible. Vouchers of species for checking identifications were grown from seed accessions in an unheated greenhouse of the institute and are preserved in the herbarium of the Department of Botany, the Institute of Agricultural and Environmental Sciences of the Estonian University of Life Sciences (TAA).
Morphological characters
The morphological characters for this study (Table 2) were selected from the species descriptions of several floras [10, 11, 17, [21] [22] [23] [24] and taxonomic studies [3, 5, 18, 19, 25] , as well as from personal observations of the material. In compiling the morphological data matrix, specimens from the herbarium of the Botanical Museum of the Finnish Museum of Natural History (H), several herbaria were consulted: the Botanical Museum of the University of Copenhagen (C), the herbarium of the University of Tartu (TU) and the herbarium of the Institute of Agricultural and Environmental Sciences of the Estonian University of Life Sciences (TAA). Specimens grown from seeds obtained from different sources (Table 1) were examined; herbarium vouchers are preserved at TAA. The characters were studied on air-dry herbarium material using a stereomicroscope (Olympos SZ/SC), and also taken from the literature [5, 17, 25] . In comparison with our previous study [16] , the list of morphological characters was revised by excluding six characters that appeared highly homoplasious and by including 12 new characters (16, 20, 27, 33, 59 , 62, 79, 80, 81, 82, 83, 84 in Table 2 ).
Isozyme analyses and designation
Enzyme extracts for electrophoresis were made as described previously [16] . Preliminary analyses used one or two seeds per accession. The number of seeds analysed was then doubled or tripled for isozymes that revealed polymorphism. The following 11 enzymes were assayed for isozymes: aspartate aminotransferase (AAT, EC 2.6.1.1), diaphorase (DIA, EC 1. 6 A serious limitation for using isozymes in phylogenetic analysis is considerable homoplasy, partly caused by hidden genetic heterogeneity among the electrophoretically similar isozymes. This cryptic variability may be detected and thus diminished by applying optimal and alternative electrophoretic systems for the analysis of each isozyme system, as was previously shown on the example of Vicia species [16, 26] . The following six gel-buffer systems and four catholytes were combined for different enzymes to achieve better band resolution:
Gel 1: 10% acrylamide, 0.3% N, N -bisacrylamide (Bis), 0.25 M Tris, and 0.1M HCl; applied for SOD with the glycine catholyte and for PGD and SKD with the 2-alanine catholyte.
Gel 2: 7.5% acrylamide, 0.3% Bis, 0.4 M Tris, and 0.1M HCl; applied for MDH and PGM with the glycine catholyte and 20 minutes overflow of the dye front.
Gel 3: 7.5% acrylamide, 0.2% Bis, 0.25 M Tris, and 0.1M HCl; applied for FDH and GDH with the 2-alanine catholyte.
Gel 4: 7.5% acrylamide, 0.2% Bis, 0.15 M Tris, and 0.1M HCl; applied for AAT and IDH with the glycine catholyte.
Gel 5: 7.5% acrylamide, 0.2% Bis, 0.1 M triethanolamine hydrochloride, 2 mM EDTANa; applied for PGI and SKD with the asparagine catholyte and 20 minutes overflow of the dye front.
Gel 6: 7.5% acrylamide, 0.2% Bis, 0.05 M L-histidine, 0.05 M L-histidine hydrochloride, 2 mM EDTA-Na; applied for DIA, IDH and SKD with the HEPES catholyte and 20 minutes overflow of the dye front. N,N,N',N' Tetramethylethylenediamine (0.05 mL%), ammonium persulfate (1 mg%) and riboflavine (0.5 mg%) were added to the gel mixtures to initiate and catalyse their photopolymerization between two daylight fluorescent bulbs during 1 h.
The four catholytes used consisted of 80 mM glycine, 2-alanine, L-asparagine or HEPES with 20 mM Tris. The lower anode buffer for gel systems 1 -4 was 0.1 M Tris with 0.02 M acetic acid, and it was used repeatedly while the pH remained over 7. The anolyte for the gel systems 5 and 6 consisted of 0.1 M triethanolamine with 0.02 M acetic acid. Turkey (IG60959, IG60972, IG60960, IG60983,  IG61012, IG61088, IG61112, IG61175, IG61433, IG62182, IG62658) Stem hair length: 0 -short 1 -long 4.
Stem node colour: 0 -green 1 -purple 5.
Leaflets pairs per leaf: 0 -1-3 pairs 1 -more than 3 pairs 6.
Leaflets relative shape: 0 -all of same shape 1-different shapes 7.
Leaflets relative size: 0 -all of same size 1 -larger at leaf base 8.
Leaflet consistence: 0 -thin 1 -normal 2 -fleshy 9.
Leaflet abaxial colour: 0 -pale 1 -same as adaxial 10.
Lower leaflets position: 0 -at base of rachis 1 -higher 11.
Leaflet shape: 0 -lineal 1 -elliptical 2 -obovate 3 -ovate 4 -oblong 12.
Leaflet broadest point: 0 -at apex 1 -in middle 2 -at base 13.
Leaflet apex shape: 0 -acute 1 -obtuse 2 -truncate 3 -emarginate 14.
Leaflet apex dentate: 0 -not 1 -two teeth 2 -more than two 15.
Leaflet base: 0 -rounded 1 -acute 16.
Leaflet margin: 0 -entire 1 -dentate 2 -undulate 17.
Leaflet margin hairiness: 0 -glabrous 1 -hairy 18.
Leaflet adaxial hair density: 0 -glabrous 1 -sparse 2 -dense 19.
Leaflet hair elevation: 0 -ascending 1 -adpressed 20.
Leaflet abaxial hair density: 0 -glabrous 1 -sparse 2 -dense 21.
Leaflet indumentum: 0 -glabrescent 1 -pilose 2 -pubescent 3 -villose 4 -hirsute 22.
Stomatal index ratio: 0 -hypostomatic 1 -amfisomatic 2 -epistomatic 23.
Stipule size: 0 -small 1 -large 24.
Stipule shape: 0 -lanceolate 1 -semi-hastatte 2 -semi-sagitatte 3 -ovate 4 -palmate 25.
Stipule nectariferous spot: 0 -absent 1 -present 26.
Stipule edge: 0 -entire 1 -dentate 2 -2-3-partite 27.
Stipules of the pair:
Tendril presence: 0 -absent 1 -present 2 -in some leaves 29.
Tendril branching: 0 -usually not branched 1 -up to 3 branches 2 -over 3 branches 30.
Tendril length: 0 -short 1 -long 31.
Tendril hair density. 0 -glabrous 1 -sparse 2 -dense 32.
Number of flowers 0 -one 1: 1-4 2: 5 or more inflorescence: 33.
Flower length: 0 -1-2.5 cm 2 -over 2.5 cm 34.
Pedicel length: 0 -shorter than calyx 1 -equal or longer than calyx 35.
Peduncle length: 0 -absent 1 -shorter than flowers 2 -up to as long as or longer than flowers 36.
Standard colour pattern: 0 -absent 1 -differently coloured spot 2 -differently coloured veins 3 -differently coloured back 4 -darker 37.
Standard colour: 0 -white 1 -yellow 2 -purple (bluish) 38.
Standard pubescence: 0 -glabrous 1 -pubescent at back 39.
Standard apex shape: 0 -strongly emarginate 1 -slightly emarginate 40.
Standard shape: 0 -oblong 1 -stenonychinoid 2 -platonychinoid 41.
Wing colour pattern: 0 -absent 1 -tip differently coloured 2 -differently coloured veins 42.
Wing colour: 0 -white 1 -yellow 2 -purple (bluish) 43.
Wing length: 0 -1/4 shorter than standard 1 -little shorter than standard 2 -longer than standard 44.
Keel colour: 0 -white 1 -yellow 2 -purple (bluish) 45.
Keel colour patten: 0 -absent 1 -dark tip 2 -much darker 46.
Keel length: 0 -shorter than wings 1 -equal or longer than wings 47.
Calyx base shape: 0 -not gibbous 1 -slightly gibbous 2 -strongly gibbous 48.
Calyx mouth shape: 0 -straight 1 -slightly oblique 2 -strongly oblique 49.
Calyx hairiness: 0 -glabrous 1 -calyx teeth only 2 -general coverage 50.
Calyx hair density: 0 -sparse 1 -dense 51.
Calyx colour: 0 -green 1 -purple at base 2 -teeth purple 3 -purple 4 -dark at base 52.
Calyx teeth length: 0 -equal 1 -unequal 53.
Calyx upper teeth length: 0 -longer than tube 1 -shorter than tube 54.
Calyx lower teeth length: 0 -longer than tube 1 -shorter than tube 55.
Calyx upper teeth shape: 0 -triangular 1 -lanceolate 2 -subulate 56.
Calyx lower teeth shape: 0 -triangular 1 -lanceolate 2 -subulate 57.
Legume shape: 0 -rhomboid 1 -oblong 58.
Legume cross-section: 0 -rounded 1 -slightly compressed 2 -compressed 59.
Legume stipitate: 0 -not 1 -stipitate 60.
Legume pubescence: 0 -glabrous 1 -entire coverage 2 -only on sutures 61.
Legume surface: 0 -smooth 1 -slightly ridged with veins 2 -strongly ridged with veins 62.
Legugume torulose: 0 -not 1 -torulose 63.
Legume colour: 0 -black 1 -brown 2 -yellowish brown 3 -yellow 64.
Legume suture curvature: 0 -sutures parallel 1 -sutures unparallel 65.
Legume suture hairiness: 0 -glabrous 1 -hairy 2 -ciliate 66.
Legume beak: 0 -absent 1 -short 2 -long 67.
Legume beak shape: 0 -straight 1 -curved up 2 -curved down 68.
Seed number per legume: 0: 2 1: 4 2: 5 or more 69.
Seed shape: 0 -spherical 1 -cubical 2 -elliptical 70.
Seed cross-section: 0 -uncompressed 1 -compressed 71.
Seed surface: 0 -smooth 1 -wrinkled 72.
Seed finish: 0 -matt 1 -shiny 73.
Seed colour: 0 -black 1 -brown 2 -red-brown 3 -yellowish 74.
Seed colour mottling: 0 -absent 1 -present 75.
Hilum length: 0 -long (70-80%) 1 -intermediate (20-40%) 2 -short (less than 20%) 76.
Lens distance from hilum : 0 -less than 1 mm 1 -1-2mm 2 -2.1-3 mm 3: over 3mm 77.
Hilum shape: 0 -circumlinear 1 -linear 2 -oblong 3 -wedge 4 -oval 78.
Hilum colour: 0 -pale 1 -seed colour 79.
Legume spongy inside: 0 -not 1 -spongy 80.
Seed size: 0 -3-5(6) mm 1 -over 6 mm 81.
Style shape: 0 -terete 1 -dorsally compressed 2 -laterally compressed 82.
Style pubescence: 0 -evenly 1 -tufted abaxally 2 -V-shaped 3 -tufted adaxally 4 -glabrous 83.
Tuberculated hairs: 0 -absent 1 -present 84.
Inflorescence length: 0 -shorter than subtending leaf 1 -as long as or longer than subtending leaf Table 2 Morphological characters used in phylogenetic analysis.
Electrophoresis in the anodal direction was carried out in an icerefrigerated Plexiglass apparatus for 120 × 80 × 2 mm vertical gel slabs by applying a pulsed current at 15 mA and 150-220 V until the marker dye, bromophenol blue, reached the gel end (about 2.5-3 hours). Isozymes of SOD were also analysed with the isoelectric focusing method in a similar vertical polyacrylamide gel as described by Jaaska and Jaaska [27] in addition to PAGE.
After electrophoresis, the gels were stained for isozymes by applying standard histochemical methods [28] . Isozyme phenotypes were interpreted on the basis of existing knowledge of isoenzyme structure and genetic control [28] , as described for Vicia species [26, 29] . Isozymes of different genetic nature are specified following the nomenclature described in previous papers [29, 30] . Heterologous and paralogous isozymes (= heterozymes and parazymes respectively) are designated by capital letters followed by numbers, indicating the electrophoretic mobility of their allozymic and orthozymic variants in a scale 0-100. The mobility values of allozymes and orthozymes (= orthologous isozymes in different species) are unified for each electrophoretic system, using extracts of selected reference species on the same gel slab in different combinations. The use of gel-buffer system 5 allowed us to find out additional variants of SKD and IDH that remained cryptic in a standard Tris-glycine system. These are labelled using low-case letters f (faster) or s (slower) that are added to mobility values in the standard system (in Table 2 under results). IEF of SOD enabled to distinguish two IEF-variants of SOD-B54 that are labelled by letters 'a' (with lower pI) and 'b' (higher pI).
Data analysis
Cladistic maximum parsimony analyses were carried out in PAUP* 4.0b10 [31] . Heuristic searches were performed with treebisection reconnection (TBR) branchswapping, simple stepwise taxon application of 200 replications. Reweighting of characters by maximum values of rescaled consistency indexes was applied in order to reduce the misleading effect of homoplasious characters [32] . Branch support was estimated by bootstrapping with simple stepwise addition of 1000 replicates and TBS branch-swapping, as implemented in PAUP*.
Results
Isozyme characters and phylogenies
The zymogram variation patterns among the vetch species for most enzymes studied was described in detail in our previous papers [16, 26, 29] and will not be repeated here. The binary presence-absence data matrix for the cladistic analysis was compiled from the isozyme variation data presented in Table 3 . Rare mutant variants detected in only some individuals of some accessions were not included. Vicia bithynica of section Pseudolathyrus was chosen as an outgroup because of its sister position to all species of sections Hypechusa, Narbonensis and Peregrinae on the isozyme trees of our previous study [16] .
In total, 51 parsimony-informative orthozymes shared by two or more species and 41 species-specific orthozymes of 16 isozymes were revealed among the 18 vetch species studied. The following 23 monomorphic orthozymes or unique allozymes can be used as diagnostic characters for the species identification by isozyme analyses of seeds: GDH-B63 and SKD-78s for V. anatolica, PGD-A83 and SKD-A76f for V. ciliatula, GDH-B51 for V. mollis, SKD-A74s for V. pannonica, three unique allozymes of SKD-A, A65s, A67f and A59, for V. sericocarpa, AAT-C46 for V. hybrida, FDH-A68 and PGI-A75 for V. lutea, three unique allozymes of SKD-A, A80, A74 and A65f, PGD-A79 and PGI-A71 for V. serratifolia, two unique allozymes of FDH-A, A66 and A90, for V. michauxii, FDH-A72, IDH-A63, MDH-B35 and PGI-A64 for V. bithynica.
Cladistic parsimony analysis of 51 parsimony informative orthozymes generated four most parsimonious trees of 104 steps length (not shown). They differed from each other only in the placement of species in the Narbonensis group. The trees had a low rescaled consistency index, RC = 0.319, reflecting high level of homoplasy in the isozyme data. This suggests a need for reweighting of characters in order to minimise the noise caused by homoplasy [32] . Reweighting of characters once by maximum value of RC gave a single stable tree of 34 steps length, with RC = 0.664 and retention index RI = 0.876 (Figure 1 ). The tree shows three major clades, with V. lutea placed separately, sister to all other species. Sections Narbonensis and Peregrinae appear as highly supported monophyletic sister subclades of one major clade. Closeness of sections Narbonensis and Peregrinae is supported, in particular, by DIA-B45 that is common to all species of both sections, whereas all species of section Hypechusa have the alternate orthozyme DIA-B53 that is also characteristic of the outgroup species V. bithynica. At the same time, sections Narbonensis and Peregrinae are differentiated from each other by alternate orthozymes of FDH-A, GDH-A, IDH-A, SKD-A, PGM-A and AAT-A. Despite the significant isozyme divergence, the parsimony analysis joined the two sections as subclades of the same major clade with a relatively high bootstrap support (BS = 86%).
Within the section Narbonensis subclade, V. galilaea and V. johannis are sister, with V. narbonensis and V. serratifolia sequentially sister to them. Vicia narbonensis and V. serratifolia are differentiated from each other by alternate orthozymes of PGD-A, PGI-A and SKD-A, whereas V. galilaea and V. johannis differ from V. narbonensis only by alternate orthozymes of GDH-B. Remarkably, V. serratifolia revealed intraspecific variation of SKD-A with three species-specific allozymes and differentiation between accession from the Gatersleben's collection, with A80 characteristic of accessions G141/96, G155/95 and G157/99, A74 characteristic of accessions G144/83 and G1880/96, and A65 for G120/77. At the same time, V. serratifolia was monomorphic for species-specific PGD-A79 and PGI-A72. series Hypechysa and the major clade of sections Narbonensis and Peregrinae, being even more related to the latter group (bootstrap support 63%).
Within the type series of section Hypechusa, V. anatolica appears sister to the remainder species that are placed in a subcluster with two moderately supported subgroups of three species. In one subgroup, V . hybrida and V. sericocarpa form a well-supported sister couple, with V. mollis linked to them. In the second subgroup, V. ciliatula and V. pannonica form a sister couple, with V. melanops linked to them. Unexpectedly, the parsimony analysis refused to retain V. lutea within the section Hypechusa but placed it in a separate clade as sister to all other ingroup species.
Heterozygous phenotypes of polymorphic isozymes were frequently observed among individuals of V. noeana and V. sericocarpa, indicating significant outcrossing in these species. Heterozygous isozyme phenotypes were rarely detected in few individuals of V. mollis, V. melanops and V. pannonica, reflecting only occasional outcrossing.
Morphological characters and phylogenies
Cladistic analysis of 84 morphological characters with 2-5 states, comprising 66 parsimonyinformative characters, 8 uninformative, autapomorphic characters and 10 constant characters (Table 4) , with 13 continuous ordered characters and V. bithynica as an outgroup, resulted in one most parsimonious tree of 248 steps length with a rescaled consistency index RC = 0.211 (not shown). Because the RC was low, the characters were reweighted once which yielded a single stable most parsimonious tree of the same topology as the unweighted tree but of 55 steps length, RC = 0.487 and CI = 0.657 (Figure 2) .
All the subgenus Vicia species studied form two strongly supported clades (Figure 2 ; BS = 97 & 98 % respecticely). One clade consists of V. johannis, V. galilaea, V. narbonensis and V. serratifolia from section Narbonensis, with V. johannis and V. galilaea forming a couple of sister species. The Narbonensis clade is supported by 12 characters, with changes in six of them: stem hairs long (3), leaflets fleshy (8, one change), leaflets elliptical (11, one change), with hairy margins (17) , ascending hairs (19) , stipules ovate (24), wing 1 / 4 shorter than standard (43, one reversal), calyx not gibbous (47, one reversal), calyx mouth slightly oblique (48), legume suture ciliate (65, one change), seeds spherical (69, one change), tuberculate hairs present (83).
The second clade (BS = 97%) consists of sections Hypechusa and Peregrinae as monophyletic subclades. This clade is supported by 12 characters with changes in six of them: more than three pairs of leaflets (5), leaflet apex truncate (13, two changes), leaflet adaxial hair sparse (18, two changes), leaflet indumentum pubescent (21, three changes), stipule small (23) and entire (26) , standard yellow (37, two changes), keel yellow (44, three changes), calyx mouth strongly oblique (48, one reversal), legume yellowish-brown (63), seed brown (73), hilum pale (78, three reversals). Table 4 Data matrix of morphological characters used in phylogenetic analysis. Equate: a = (01), d= (12) , e = (123), f=(23), g=(02), h=(03), i=(13), j= (14) , k=(04), q=(014). The most basal monophyletic subclade in the second clade is formed by V. aintabensis, V. michauxii and V. peregrina of section Peregrinae (BS = 60%), supported by six characters: leaflet apex with two teeth (14) , inflorescence with one flover (32), peduncle absent (35) , calyx hair dense (50), seed compressed (70), lens distance from hilum 1-2 mm (76, one reversal).
All Hypechusa species studied form a monophyletic group with a medium bootstrap value of 57%. The Hypechusa clade is supported by seven characters with changes in all of them: lower leaflets larger (7, two reversals), leaflets base rounded (15, one reversal) standard apex slightly emarginate (39, 5 changes), calyx strongly gibbous (47, one reversal), calyx upper teeth subulate (55, one reversal), calyx lower teeth subulate (56, one reversal), lens distance from hilum over 3 mm (76, one change).
The most basal position in the Hypechusa group belongs to the V. hyrcanica and V. noeana group (BS = 85%) attributed to series Hyrcanicae of section Hyrcanica by Radzhi (1970) . The Hyrcanicae group is supported by glabrous stem (1), leaflet glabrous adaxially (18) , over three tendril branches (29) , tendril long (30) , wing longer than standard (43), legume glabrous (60), slightly ridged with wiens (61), yellowish brown (63), sutures glabrous (65), seeds elliptical (69).
Other Hypechusa species studied belong to series Hypechusa and form a monophyletic grouping, but bootstrap support to it is low (BS = 36%). The grouping is characterised by elliptical leaflets (11, one change), pilose leaflet indumentum (21, two changes) and yellow wings (42). Within this series, V. pannonica and V. melanops form a pair (BS = 78%) as well V. mollis and V. seriocarpa (BS = 29%). A well-supported pair is formed by V. lutea and V. hybrida (bootstrap 90), standing on the sister position to V. anatolica (BS = 68%).
Discussion
The paper extends our previous work [16] by describing variation of 16 isozymes and 86 morphological characters among 17 Vicia species belonging to sections Hypechusa, Narbonensis and Peregrinae of the type subgenus in comparison with V. bithynica of section Pseudolathyrus as an outgroup species. The inclusion of four additional Hypechusa species, three more heterozymes, two new electrophoresis systems and a revised datamatrix with 12 new morphological characters has allowed to improve the results of the previous paper [16] , providing better resolved phylogenetic relationships with higher bootstrap supports to many clades. In particular, relationships within section Hypechusa are more completely presented and the uncertain position of section Narbonensis in our previous isozyme trees is revised. Variation of isozyme characters for V. mollis, V. noeana, V. sericocarpa and V. ciliatula of section Hypechusa is described for the first time.
The results of cladistic parsimony analyses of isozyme and morphological variation among the vetch species of sections Hypechusa, Narbonensis and Peregrinae determined essentially the same basic monophyletic groups of species in a close correspondence with the current taxonomy, with only some disagreements. Both isozyme and morphological trees revealed sections Narbonensis and Peregrinae as monophyletic but differed in their affinity to the section Hypechusa and in the relationships between species within sections. Thus, the isozyme cladogram linked section Narbonensis sister to section Peregrinae, whereas the morphological cladogram linked section Peregrinae as sister to section Hypechusa and section Narbonensis as sister to both.
Within section Narbonensis, both isozyme and morphology cladograms showed V. serratifolia sister to V. narbonensis, followed by the V. johannis -V. galilaea couple. Our cladograms showed the same relationships was reported on the isozyme UPGMA dendrogram of Przybylska et al. [12] and by cladistic analysis of karyotype and rDNA ITS sequence data of Venora et al. [14] . The DNA RAPD and RFLP trees of Potokina et al. [13] [17] ). However, the two varieties of V. michauxii have only limited, largely overlapping morphological differences described by Davis and Plitmann [17] . The voucher plants grown from the original seeds TS3/93 could not be definitely attributed to var. stenophylla and distinguished from vouchers of the type variety. Therefore, a further study of more accessions of V. michauxii is needed to decide about possible cryptic species within it and to delimit them. Both isozyme and morphological phylogenies separated section Hypechusa into two monophyletic clusters that correspond to series Hyrcanicae and Hypechusa proposed by Maxted and Douglas [3] . They are distinguished on the basis of peduncle length, corolla shape and size, standard pubescence and degree of wing basal kinking. Although the last character was not included in the present study, the two series are placed separately on the morphology tree ( Figure 2) , with V. hyrcanica and V. noeana of series Hyrcanicae on the sister position to the remaining species of the section comprising type series Hypechusa. The characters supporting this topology, however, are not these pointed as diagnostic by Maxted and Douglas [3] . The two species of series Hyrcanicae differ from species of series Hypechusa by alternate orthozymes of four to five heterozymes out of 16 studied and from each other by three orthozymes ( Table 3) .
The isozyme and morphological phylogenies differ, however, in the relative position of series Hyrcanicae and Hypechusa. Series Hyrcanicae appears linked to sections Narbonensis and Peregrinae on the isozyme tree but is sister to species of series Hypechusa on the morphology tree.
Relationships between species in series Hypechusa also remain largely uncertain because differences between the isozyme and morphology trees in the relative position of several species. In particular, the morphology tree linked V. hybrida and V. lutea as sister species with a high bootstrap support (90 %), whereas the isozyme tree show them apart, with V. lutea unexpectedly removed from section Hypechusa into a separate clade in a basally sister position to species of all three sections. Vicia hybrida and V. lutea differ from each other by alternate orthozymes of nine heterozymes out of 16 studied (Table 3), reflecting a relatively large extent of genetic differentiation between them that is even larger than between series Hyrcanicae and Hypechusa. Despite overall morphological similarity between V. hybrida and V. lutea, the latter was treated in a separate series Luteae B. Fedtch. by Fedtchenko [11] and Radzhi [33] . The isozyme evidence provides further support to this treatment, even suggesting sectional status for Luteae. In accord with our isozyme data, Nouzova et al. [34] found that V. lutea differs distinctly from the three other Hypechusa species studied, V. hybrida, V. melanops and V. pannonica, by showing no cross-hybridization of genomic DNAs. Recent parsimony and Bayesian analysis of rDNA ITS sequences placed V. lutea separately from a clade of series Hypechusa [35] . However, the ITS phylogenies placed V. anatolica, V. ciliatula and V. pannonica also separately from the remainder species of series Hypechusa [35] , whereas our isozyme and morphology cladograms show them within the series Hypechusa clade (Figures 1-2) .
Both isozyme and morphology data support the placement of V. mollis in the type series of section Hypechusa, as was suggested by Maxted [1] . The phylogenetic position of V. mollis within the type series remains, however, unsure because of inconsistencies between the isozyme and morphology trees. The isozyme tree (Figure 1 ) placed V. mollis sister to the V. hybrida -V. sericocarpa couple, whereas the morphology tree (Figure 2 ) connected V. mollis directly to V. sericocarpa, however, with a low bootstrap support (BS = 29 %). The phenetic study of Maxted and Douglas [3] connected V. mollis to V. sericocarpa when the Ward's method was used, but tied to V. pannonica subsp. striata with the use of linkage cluster analysis. The isozyme tree placed V. hybrida and V. sericocarpa of series Hypechusa into a separate, moderately supported subclade, despite the fact that they differ by four alternate orthozymes. The morphology tree, however, places the two species into different subclades connected with a low bootstrap support (12 %). The two species have pubescent legumes, whereas all other species of series Hypechusa have glabrous legumes.
Although the isozyme and morphology trees yielded essentially the same major clusters of species that correspond to sections and series of current traditional taxonomy, except the isolated position of V. lutea on the isozyme tree, relationships between them remained uncertain because of differences between the trees. Differences between the isozyme-and morphology-based trees provide alternative phylogenetic hypotheses that require further study with the use of various electrophoretic DNA markers and nucleotide sequences of genes.
